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THE PROJECT ~~ RESEABCH. SERIES 

Studies of Project Management 
and Haaagemn t Sya teme 

The studies incorporated i n  the  project managemeat research 
sarier are supported by e grant from the National Aeronautics and 
Space Administration to Syracue University, 
profeusore and graduate students from the following fields: 
administration, engineerlag, po l t t i ca l  science, and sociology. 
r tud ies  are related to  an investigation of project management and 
mauagcwtnt rystems associated v i t h  the Apollo program. 

They are prepared by 
buoine88 

The 

The aerier Cncludeo floe types: of docatento. 

1. 

2. 

3. 

4. 

Working pavers whfch are developed as intartm reports of concepts 
associated with project management and maMgesaent systems. These 
papers are exploratory i n  nature and serve an a focus for diocur- 
sion and are rubject to further refinement as the reaearch program 
progrcsoee. 

Occasional P B P ~ ~ S  which are developed in areas not d i r ec t ly  related 
to  project n g e w n t  and management systems but which cover topics 
of interest to  the investigatoro which are generated through psr t fc i -  
patian in the research project. 

Reports which ere unpubliohed documents submitted t o  NASA a d  other 
interested partiee which ropreeent the f i n a l  r e r u l t s  in p a r t b u k  
ateae of inquiry in t he  reoecrrch project. 

There6 and disaertationa which are the unpubliohed rerulre of the 
research efforts of graduate students associated with the project 
and which represent the writzng requirement8 of their degree pro- 
grama b 

5.. Publication8 which are artfcl~a,  bodre, and moaographr publirhed 
by profeesicmat Jwmolo, cooMlorcU1 publisherr, or the university. 
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This paper derived from a presentation on t h e  same subject 

to  the sll Projectnilaager Research Team. It is an attempt to trace 

out has project management i s  handled at EISC and t o  compare t h i s  t o  

what YU known about #sFC at that the. The paper discusse8 where 

and h w  technical decisions and trede-offr are made, the re la t ions  

between tho RogrPm Xanager and the "hardware managers", change 

control procedure, System Engineering and Project Engineering, sub- 

systems managers and the relationships between the  ASPO 8nd the 

Directorrte for Eagineerlag and Development, and hardware development 

project8 out8ide of &PO. The conc~usion8 are re la ted  t o  relation9 

betvmn the ASP0 and MSC, the duel  nature of MSC as a developmat 

and operational f ield center, the Program and Project orientationr 

and the perro~l i ted  character of t he  t om1  Apollo organization. 
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Project hnegemene a t  Howton 

The organization of the Apollo Spacecraft Program Office (ASPO) 

a t  the  armed Spucecroft Center, Houston, Texas is qui te  d i f f e ren t  

from the organization of the Saturn V Program Office a t  the Uarshall 

Space Flight Center, Huntsvflle, Alabama. Y e t ,  these of f ices  are 

pa r t  of the  same organSzation, the National Aeronautics and Space 

Administration. They h a w  the s8me responsibi l i ty ,  that of menaging 

cantracte  fo r  hardware research and development. 

though d i f fe ren t ,  are integral  and integrated par t s  of a s tngle  pro- 

gram, the  Apollo Program. With a l l  the  eirnflari t iee of t h e i r  pooitlon, 

there  would seem t o  be sone e imi la r i t i es  in tho work they do. 

Their hardware, 

3 

This paper attempts t o  point out some s imi la r i t i eo  and t o  

explain haw the  organizational d i f  ferencee influence some working 

patterne. 

s t ruc ture  and function8 of t h e  Saturn V Program Office as well a6 bspo. 

The de8criptton of AS?O i s  baaed 0x1 inforoatSon obtained through pet- 

e-1 interviewe with ASP0 personnel, other NASA employees and other 

informanta, .ad is divided into s ix  parte. 

As i t  i e  written, the paper assumes fami l ia r i ty  v i t h  the 

The 

nc the 4ata 

_. 
i 

1) Technical Decistoas and Tradeoffe; 

2) The R e l a t f a e  between the Program and the  'Ctiatdvare" 
Managere ; 

3) Change Control Procedures; 

4) Systems Xngineerfng and Project Engineering; 

5) The Relatione Between ASPO aad Engineering and Developarcnrt; . 

6) Projects Outside of ASPO. 

conclustono presented are very reatative. The analysfu 

%vag nnt cmtpreraa prsar t o  the preparotim af W a  uazk 

I 



and further analysis may greatly modify some of the descriptive 

materiel as well a8 the cenclus~oas. Hawever ,  the substance of the 

paper has been subjected t o  intense discussion on the part of the 

interdisciplinary research group vhich is exarainfng project management 

in the Apollo Program, and the ideas advanced seem adequate, if only 

tentative. The conclusions are arranged under four headhgs: 

1) Program Office - Center Relatione; 

2) A Program Center - Developmental and Operating; 

3) Program ~ersub Project Organisation; 

4) A Peramalired Organization. 
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1) Technfcal Decidons and Tradeof fa 

i '  I 
I 

To waderetam3 how an organization works, it  seems necessary 

to know where and how the  ceucral decisions are made in the orgsniza- 

tion. To understand project management it seem8 necessary t o  understand 

where and haw the tradeoffs be- performance, schedule and coat 

are made for  the project. On the bas i s  of the interviews it seems 

they are made at Howran by the bo110 Configuration Control Board, 

chaired by the  ASP0 #onager, 

to Apollo CCB. 

not seers that any of the interviewees called it tha t ,  but that fe 

how it vi11 be r ek rded ,  and that bears d i r ec t ly  on soam of the 

Please note well that thia  reference i r  

That m y  aot be i t a  official det~ignatioa. It doer 

conclusions. 

llrrMgar for  Csn and the Manager for Ip! are members. The other members 

are the Directors of the five functional Directorates, and they 

uaully at tend in per8011. 

The ASPOHanager is the chairman of the CCB and the  

That ir the where of drclsiono, Xn tandaretanding the how i t  

ts ' important to rerrranber that the Chaitpisn of a CCB in Apollo hias f u l l  

authority. This i o  not a question of  democracy in the sense of voting 

r igh ts  and one awn me vote. If there are a l l  Nays except the Chalr- 

man's Aye,  the Ayer have Lt .  Thin i s  not t o  suggest t h a t  th ia  i s  the 

practlce, but t ha t  it i s  theoreCically possible. f t  would atem t ha t  

the practice in thfs c-e is a matter of the ASP0 hnager agree- 

with, or following the lead of ,  the men io  d o s e  area the  decision 

primarily falls. This i o  neither an autocratic show board, nor 8 

democratic nor wca~ a C O ~ S ~ D B W ~  procedure, though voter are often 
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taken. 

a m  vho is or appears most knowledgeable has the grea tes t  weight, 

Indeed, one man even suglgeated tha t  at  times i t  is almost l ike a court  

i o  which the lawyer vho can present h i s  case best  will most often win, 

whether he is r igh t  or not. While t ha t  is a b i t  extreme, it doer 

suggest tha t  t h i s  is 8 decision making process o r  s t ruc ture  with wide 

l a t i t ude  t o  give varying w e i g h t  t o  posit ions tha t  are supported with 

varying degrees of cer ta in ty  and conviction, not t o  say passion. It 

would also appear that the s t ructure  leaves l i t t l e  room for  horse- 

trading or bartering. 

the CCB vas changed t o  its present composition. The possible reasons, 

implications and e f f ec t s  of that change deserve t o  be discusoed i n  the 

It appears t o  be a forum i n  which everyone has his say and the 

It is important to  note that: the membership of 

2) The Relatfone Between The Pronram And The Hardware 
Managers 

The reference here is, of course, the ASP0 Xsnager and the  

Xmmgsr for the C8n and the )lonoget for UQ. Thr latter two are called 

hardvare managers i n  an attempt t o  avoid ca l l i ng  them project managers. 

This is not to  assert that they are not project managers, but  ra ther  t o  

leave tha t  question open pending the  diecusaioa of some fur ther  pert- 

iacnt laformation. I 

The f i r s t  point i s  that the hardvare managers are a par t  of the  

They have ASP0 off ice ,  indeed they are a par t  of the Manager's office.  

no personnel under them in au a d m i n i s t r a t a  sense, other than t h e i r  

own secretatles. It appears that  they have whatever authori ty  that the  

-a- Ya.ransr ,--err c n w n -  ---..e ta _" e-.- ~ W A  chom -'-I, anti --- that ---- dale@tian ---- appeata not to  be 
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formally defined except ae it  Is done so by the designation of a partic- 

,--. 

i . -  

u la r  vehicle system fo r  each of them. 

uses t h i s  delegation authority t o  ehape h i e  organization t o  f i t  h i s  

personality and capabi l i t ies .  

It seems that the ASPO Haaager 
I 

Several personnel mentioned h i e  long hours Over a six-day work 

week. 

t o  remember and recall great  quantit iee of detailed information. 

would seem that the ASPO Xanager reserves t o  himself t he  major decioiaas 

required in the mrarsgenent of the development, fabrication and opera- 

I n  addition it vi98 asserted tha t  he  has a fan tas t ic  capabi l i ty  

It 

tion of the Apollo Spacecraft. 

and US as h i s  pereon81 agents o r  ext.msiOn of h i s  own personrlity. 

They are the ones who go out and ac t ive ly  seek the  infornution, track 

the a c t i v i t i e s ,  make routine decisiono, snd assure tha t  all the inform- 

tioa necessary i8 avai lable  for the ASP0 EIanager t o  make the major 

I n  t h i e  he uses the Managers for  Csn 

decSrlaa8. They are a180 the ones orho implement and follav-up on the 

decisions about the development and fabrication of the spacecraft. 

What thio #e- t o  suggeet, though there i e  reletlvaly l i t t le  

Infomation t o  back it up, i s  that the hardware manugers have somewhat 

less authority tban a Marshall stage manager and substant ia l ly  more 

influence than 8 "birdwatcher" f o r  Saturn V. The 1mplicotIaaae of t h i s ,  

again, wil l  be deferred for the coaclusians. 

3) Channe Control Procedures Or Haw An ECP Is Processed 

The processing of change propooals i o  ra ther  complex and intricate.  

There are many d e t a i l s  involved a d  there is not space t o  80 into al l  

of them. This section illustrates some working r e h t b n 8 h i p 8  by fol- 

.... 
i I 
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lowing a proposal through to the CQB, assuming t h a t  i t  does, f o r  one 

rereon or another, have t o  80 a l l  the  way through t o  ge t  a f i n a l  decis- 

ion. 

’. 

c 

I 

F i r s t  8 change i a  proposed, usually by a subsystem rnanager or 

a contractor. The Contractor ie asked to  conmeat on i t  and give a 

rough order of mngnitude estimates as PO cost and lrchedule impact or 

includes t h i s  i f  it is a contractor propooal. 

technical evaluation is done by the relevant subsystem manager. A l l  

change proposals to  C S l  and IM go through the relevant Contract Bngineer- 

in8 Office i n  Apollo Program Control.. This of f i ce  work6 up a f u l l  coot 

I f  necessary a deta i led  

and ochedule evaluation and is responsible f o r  assuring that a l l  the 

infornution required to  make a decision is assembled In one package. 

In addition, Contract Engineering examines the proposal t o  es tab l i sh  

tha t  t h i s  problem o r  proposal hm not been previously taken care  of 

in same technical directioa to  the contractor. And they w i l l  prepare 

the  terminology f o r  the contracting of f icer ,  i f  neceseary. 

The chief of the Contract En45ineering Branch is the Projeet 

Officer for  t ha t  project  and signs off on all technical d i rec t ion  to  

the cootractor. However, they do not matre technical decisions; the  

technical evaluations of change proposals are done by the  appropriate 

branch of Systems Engineering. The Project Officer uuthorPty appears 

t o  be simply a control point in as much as there  are some four perron6 

whose signaturea cons t i tu te  authority for a contractor  t o  act or that 

the contractor w i l l  recognize. 

The f i n a l  s t e p  in preparation for the CCB i s  a m e t i n g  o f  

. . .  . , t .  

. .  . .. .. . . . . . , 
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reprssentattves of the contracting officer, the Contract Engineering 

Branch and the appropriate Systems Hngineerhg Branch, These people 

ascertafn that the pacwe is complete a d  try to  arrive at a rec- 

amended position for the bnager for CSM or MI as the case may be. 

The actual presentation to the CCB i s  usually -de by the relevant 

subsystemauu~ger ot the contractor. 

The Contract Engineering-Program Control arrangement is an 

interesting and 8somewhat ambiguoua one. 

Control and Contracts, a Cemter ataff offgee, i o  also the ASP0 U- 

ager for Contracts and Reaoutcer. The Apollo Program Control Chief 

relates to the AsPo l4anager for Contracts and bsources as h i s  

The Director for Program 

superior and the two Contracthgiaeeriag Branches are pert of the 

Apollo Program Control operation. Which of his two hats the Asp0 

Manager for Controcra and Resources i s  wearing when he directs  the 

Hanagerr of Apollo Program Control and the Contract Hngineering 

Branches ts unclesr and perbpe immaterial. 

i t  1e4m that tho Contract IEaginaoriag operation i a  dmiairtrativety 

a part of the Center staff office of Program Control and Contracts. 

While it im't important, 

4) The Relatfons Between Syetema Englneerfaa And 
Project Ennineeris  

The previous discussion may have s t h l a t e d  some questions 

about the relations becueen Syetems Engineering and Project Engineering. 

A glance at  the chart doe5 nothing to relieve the confusion and a 

detailed examination brings to Light the curious fact that the head 

of the CS4 Engineering dhich is a branch of Systearo Engineering, a l so  

heads the Spotem Engineering Office. IQ eddirim, $he s u m  ------ y r r m v u  i r  
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chief of Cs# Project Engineering. 

l f t t l e  confusion as to  who i o  dofng vhat in the  CSW Engineering area. 

But haw is IM Engineering vork divided? Nhile it may not be easy, the  

answer is s5mple enough. The Project Engineering groups are the  home 

of the  v e h k l e  aumagers. These fnteresr ing gentlemen are sanetimes 

referred to  as lov l eve l  expediters siacs they are concerned with one 

par t icu lar  vehicle, Cspl 7, cs# 8 ,  w3, LW etc. 

One may well conclude tha t  there  is 

The branches of 

I /- 
L 

Systems Engineering concern t h a t s e l v e s  vith any vork t ha t  has t o  be 

done 011 & o f  the  vehicles of the  series they handle euch sa the  

flammable lneteriols rework on CSM and US. Apparently, Systems Engineer- 

ing also provides a homo for such technical d i sc ip l inary  spec ia l i s t s  

u ASP0 still retains.  To same extent this arrangement exists because 

each vehicle has a epecislieed, almost unique, mission. 

d i f f e r ing  camponeats depend- on it0 mission end sameone hoe t o  t rack 

thet vehicle fram thio aspect. 

It w i l l  have 

5) w e t e r ~  Hanagere And The Relations Between ASP0 
&U!& 

h a  subsystems managers u t  Houston are located in the functional 

directorates ,  Specifically,  most of them are loca%ed in Engineering 

and Developmeat, Thio I s  one of the biggest c o n t r w t s  with the  Marshall 

“model,” but: upon exadnat ion it doe6 not appear to be al l  tha t  great 

a difference. 

were fn the Program Offfce, though t h i s  was never che caoe in Apollo. 

They were located i n  the Gemini Program Office durLng the Cemiai Program. 

There seew t o  be a general coosensus that the change waa d e  in .I) 

e f f o r t  to  recute more program support froa the functioaal directorateo. 

Originally, or at  least earlier, the  ruboyetem managers 
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While mast people felt: i t  vas a good move, at least one omn f e l t  the  

problem vas solved, or vaa being solved, before t h i s  solution WM 

adopted. 

The general cosL8ensus held t h a t  the  subsystems people were 

qui te  responsive t o  ASPO. 

ahre that they are sort of isolated framthe rest of the functional 

directoratee.  That the  move nevertheless, can be regarded as success- 

ful l e  ma in te res t ing  point which vi11 be fur ther  elaborated in the  

concluding sections, 

Indeed, the  thought vas they are so reapon- 

In general the E&b Directorate eeems to follow the f i r s h a l l  

pa t te rn  in having project support o f f ices  at  the  divis ion level  t o  

bandle the relirtian t o  ASPO. The Program people seem t o  be w e l l  

aware of who in abQ has indiuiduat respousibi l f ty  for that piece of 

hardware. T U 8  may be partly due t o  ASPO delegation6 of tespoaaibi&ity. 

6) Roiecta Outside Of ASP0 

This section fs souwhat lees important or cent ra l  than the 

preceding ones, but It Le something that ought t o  be mentioned: There 

are a number of pieces of Apollo hardware which are being managed as 

projects  by people i n  the functional directoratee.  Almost all of these 

are in 860. 

delegated project msrup;ement authority t o  the  par t icu lar  division. 

Some of them were always outsSde AsPo. fn some caees ASPO 

In 

most cases, changes above the magnitude cutoff point wt be approved 

by the  Apollo CCB. 

L i f e  Support System, the Guidance and bJavfg8tbU Bcrulpment, aad the 

Some examples would be Space Suite, the Portable 
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1) Propram Office - Center Relaefons 

U h f h  f t  may be unsound to arrive at historical coac~u8ions 

fran nowhistorical data, history has a groat deal to do with the 

patterns described here. The most important historic81 fact or caaclus- 

ion in  this  connection f a  that at MSC the Program Office hae been 

traditionally strong. 

Hawever, in  reference to that statement, it would be unfair 

to think of a p r o p m  office as being of the size or functiono of 

either JUPO at XSC or the LO. or even Saturn V and Engine Offices at 

Marshall. Both the Mercury end Gemini Programs were much smaller and 

much lese ccmplex than Apollo. In addition, there vas a sfngle prime 

coatractor for those programs and the contractor carried more of the 

mmgement burden for those programs. A s  a result those Program Offtcee 

could be smaller, coufd do leos, and still could be stroag enough to 

d d n a t e  the Center. 

Uith Apollo, thie balance hoe been romPePmst redrelllad, but only 

eoarwjhrrt. It seeme to have been a conscious aetempt to  redress tho 

prograp1-€unctfonal balance that resulted in the move of subeyste~~s 

managers to the functional directorstee, that resulted i n  so many pro- 

jects behg "farmed out" to the fuuctiona't directorates and that result- 

ed io the Manager €or Program Control and Contracts becoming 8 part of 

ASPO while retaining hie  Center staff poaftion. 

To say that th4s was an attempt to  redress an inbalance is  to 

w e  rather cold, amlytltcat tenus. One 3.ntervbuee, at  least, described 
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it as an attempt t o  get the functional people more involved l n  Apollo 

uo as t o , g e t  better support. In another formulation it could be cal led 

extension of program commitment throughout the Center. It seems 

t o  have achieved i t s  purpose. And further, it seem tha t  the main 

problem was not an ''I'll take my marbles and go hoppe" attitude on the 

par t  of functional people. ihther,  the attitude was more 'We're here 

t o  help. Cel l  w when you need any." But the problem is how cur 1 

call on you for help i f  I don't bow wbat you .can do or sthot it i e  

that I need. 

2) A Promam Center-I)eveloomeatal And Operating( 

Despite all this, it  seems t ha t  HSC Is still unbalanced toward 

the Prowam side. 

Space Center, but rather mure o f  (LII Apollo frogran Center. Whether 

inbalance i n  t h i s  matter i e  good or  bad i s  not at all the point. We 

are attempting t o  uaderstourd the ritua~ioa. 

Indeed, it would seefP that- is hardly a b n n e d  

h e  good way to make WSC mare caaprehenssble is t o  regard the 

ASP0 Manager as not the ASP0 #tanager ot all. ASP0 stands far A,pollo 

SDaCcCr8ft PtOgrm OfffCe. But it SBBIPS t0 that he t 8  Oren&IQ the 

Apollo Program as far as X w t o n  i s  responsible for it. This msy not 

appear t o  be an important diotfnctioa t o  8ome, bur v i t h  8ome reflec- 

tim 00 its implications the importance may becanw more apparent. 

For one thing, MSC i s  more than a hardware development center. 

I& also haw crew tragning, mtsaion operations, mieeim coutrol and 

other operational reaponstbi1itS.e~. ASP0 seeam t o  be the source of 

Program Directioo for these activities. The mission pleaniag is 
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such is obvfously not the case. The question is, does thfs paper 

difference, t h i s  difference i n  organization charts, does it  really 

man that there is a difference between EEimtsville and Houston in 

t h t s  area4 While i t  is not yet possible to came d m  f ira lp  on eLther 

s ide  of thut questfm, there is o m @  evidence that i t  does. . 

Both the Manager for Csn ipod fp( would prefer to have the 

suboyetw people i n  the program offfce. Thio would make it eerier 

for them, though theg are not passionate about it. 

major caraplaints. This auggasts that the system i o  working well. 

may be that the system is rorking well because the ASP0 Manager, who 

involves himself very heavily in the day to day -ement of the 

CSX C u( is on a level vfth the Director of ED, i n  the orgrmizatfonal 

atructure. 

ladder one n#ls, %f the Nanapro for cs# and tU were broken off m d  

made project -*ere, they vould be a great deal more cancerned and 

8 gre8t deal mora deffaite about where 8UbSy8terPs manager6 belonged 

3%- have no 

E t  

If the rmnageaenf authority were delegated dava the 

b tha O r g a I l h ~ t i ~ 8 ~  Set-tSp. 

4) Fetsoa~slbaed Oraanieation 

A final coaclusioa appliea afmoot NASA-wide. There seem to 

be a good deal of a d e n c e  pointin#$ to a rather unusual perrorulized 

character about the vhole NASA Orgaaizatfon. 

about Dave and Deb, Chris, an, &x, Chip, *ea, Bob, Jim, a good 

deal  of f i r s t  name references. A t  krshlaaad to an extent at Uustoa, 

there 8sema to be a good deal of reluctaace to dea? with rr"ices; an 

~nsirtencc oa b o u i ~ g  who's responsible, vhet i 8  his n e ,  

A t  Xoueton you hear 

Indeed, 

-. 
1 I ' . ,  
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the cartoon churacter who, when confronted by h i s  wife with e letter 

marked '%tom the Desk of the Resident" remarked, Vhrw it away. 

don't correspond with furnftufe." must be a NASA employee. There 

seeme t o  be an odd recurrence of people i n  key positions that statis- 

tical probability vould not reem to indicate. 

La the interviews oa human relations skills, on commuaciatian, on 

I 

The monotonous emphasio 

face-to-face camnwricstion, seems to support th is  also. And for the 

exception that proves the rule there is che mon who sa id ,  "you could 

be a literal S. 0. 8.  and run a successful program, if you had the 

technical expertise," and said he had seen it  done i n  NASA, 

It ia too early t o  reach any deffnite conclusions on t h i s  point, 

but it seema like a good poiat to keep in aind .ad m i g h t  well bear 

further iwes tigat ion. 
'. 
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